Abstract The paper analyzes how to comply with an emission constraint, which restricts the use of an established energy technique, given the two options to save energy and to invest in two alternative energy techniques. These techniques differ in their deterioration rates and the investment lags of the corresponding capital stocks. Thus, the paper takes a medium-term perspective on climate change mitigation, where the time horizon is too short for technological change to occur, but long enough for capital stocks to accumulate and deteriorate. It is shown that, in general, only one of the two alternative techniques prevails in the stationary state, although, both techniques might be utilized during the transition phase. Hence, while in a static economy only one technique is efficient, this is not necessarily true in a dynamic economy.
Introduction
Many environmental problems, humankind faces today, are of a long-run nature. A prime example is anthropogenic climate change, which is caused by the emissions of so-called greenhouse gases. These gases, in particular CO 2 , exhibit long life times in the atmosphere and, thus, accumulate over time and incur a long lasting effect on global climatic conditions. In industrialized countries, the biggest sources of CO 2 emissions are the combustion of fossil fuels for energy production and transportation. Therefore, it is clear that a successful climate change mitigation strategy has to include a shift from carbon intensive to carbon neutral Complimentary to such a long-run approach on climate change mitigation, is a short-run point of view. In this perspective, the question of "burden sharing", i.e., which country cuts emissions of greenhouse gases by how much, dominates over the long-run aspects of stock pollutant accumulation and technological change. A prime example for such a burden sharing treaty is the Kyoto protocol (United Nations 1997). Therein, most industrialized countries committed to reduce their CO 2 emissions in the period from 2008-2012 by an average of 5% compared to the emissions in 1990. As it is doubted that the Kyoto protocol target would have a significant impact on mitigating global climate change (for a review and critical assessment see, e.g., Böehringer 2003), some countries have even committed to more drastic emission reductions. The German government, for example, adopted 1995 a CO 2 reduction target of 25% by 2005, compared to the emissions in 1990.
In this paper, I focus on a time horizon, which lies between the short-run and the longrun point of view. In such a medium-term perspective, a burden sharing treaty, such as the Kyoto protocol, is already agreed on. Moreover, I assume that the time horizon of this treaty is too short for technological change to occur, but long enough for the accumulation of technology specific capital stocks of already known and available production techniques. As a consequence, emission reductions have to be achieved by a structural change of the economy, either by increasing energy efficiency and reducing energy intensive consumption or by replacing fossil fuel-based energy techniques by already available alternative energy producing techniques.
In particular, I analyze how an economy optimally complies with the introduction of a binding emission constraint, which restricts the use of an established energy producing technique. In accordance with a medium-term perspective, I do not consider explicitly the long-run environmental damage caused by the stock accumulating property of greenhouse gases, and I also abstract from technological change and growth. Yet, the economy has two options to comply with the emission constraint. First, it can save energy by transferring labor from the established energy technique to consumption good production. Second, the established energy technique can be partly replaced by two already known and available alternative energy producing techniques. Each of the two linear-limitational alternative techniques combine labor and a specific capital good, which takes a certain time span to produce (i.e., exhibits an investment lag) and which deteriorates at a certain rate. These two dynamic characteristics, investment lag and deterioration rate, are considered to be different for the two alternative techniques. In particular, I am interested in how the optimal transition toward the new (medium-term) stationary state takes place, dependent on the dynamic characteristics of the alternative energy producing techniques.
The economic literature has addressed both the long-run and the short-run perspective on the mitigation of climate change. For the long-term perspective, the induced technological change debate plays an important role. 1 The intertemporal nature of the climate change problem is addressed either in an endogenous growth framework or in an integrated assess-
